PURPOSE
The aim of this study was to investigate the correlation between bone mineral density (BMD) and arterial stiffness as a preclinical atherosclerosis criterion.
MATERIALS AND METHODS
Carotid and femoral artery Doppler ultrasonography and arterial stiffness measurements were performed on 113 female patients referred for BMD measurements.
RESULTS
The cross-sectional compliance and cross-sectional distensibility of the carotid artery were positively correlated with the BMD of the Ward's triangle, the femoral neck, and the lower femoral neck; and the Ward's triangle, respectively. A negative correlation was found between the intima-media thickness of the femoral artery and the femoral elastic modulus with the BMD of L1, L12, L13, and L23; and the BMD of L1, L3, L13, L24, L34, the femoral neck, the lower femoral neck, and Ward's triangle, respectively. The cross-sectional compliance and cross-sectional distensibility of the femoral artery were positively correlated with the BMD of the femoral neck, upper femoral neck, lower femoral neck, Ward's triangle; and the BMD of the total femur and Ward's triangle, respectively.
of measurements was assessed as previously described.
Arterial blood pressure measurements of the subjects were performed using an automatic sphygmomanometer (Vitagnost 2015 OC, MARS, Taiwan). Age, weight, height, and waist and hip circumference measurements, and other findings of the patients were recorded.
Relations were examined with Pearson's correlation coefficient using a computer software (Statistical Package for Social Sciences version 15.0, SPSS Inc., Chicago, Illinois, USA). A P value less than 0.05 was deemed to indicate statistical significance.
Results
A weak positive correlation was found between the cross-sectional compliance of the carotid artery and the BMD of Ward's triangle (r=0.197; P = 0.068). For cross-sectional distensibility of the carotid artery, a weak positive correlation was found with the BMD of the femoral neck (r=0.194; P = 0.048), lower femoral neck (r=0.213; P = 0.042), and Ward's triangle (r=0.251; P = 0.007). A weak negative correlation was found between carotid diastolic wall stress and the BMD of the femoral neck (r=-0.192; P = 0.039) and lower femoral neck (r=-0.209; P = 0.026). In terms of carotid elastic modulus, a weak negative correlation was found with the BMD of Lumbar spine (L) 1 (r=-0.219; P = 0.020), the lower femoral neck (r=-0.186; P = 0.048), and Ward's triangle (r=-0.252; P = 0.002).
A weak negative correlation was found between IMT of the femoral artery and the BMD of L1 (r=-0.188; P = 0.046), L12 (r=-0.197; P = 0.067), L13 (r=-0.196; P = 0.036), and L23 (r=-0.190; P = 0.037). For cross-sectional compliance of the femoral artery, a weak positive correlation was found with the BMD of the femoral neck (r=0.346; P = 0.001), upper femoral neck (r=0.215; P = 0.027), lower femoral neck (r=0.279; P = 0.005), Ward's triangle (r=0.386; P = 0.001), and with the BMD of the total femur (r=0.253; P = 0.006). A weak positive correlation was found between the femoral crosssectional distensibility and the BMD of Ward's triangle (r=0.243; P = 0.002). For femoral elastic modulus, a weak negative correlation was found with the BMD of L1 (r=-0.189; P = 0.045), L3 (r=-0.210; P = 0.018), L13 (r=-0.185; P = 0.049), L24 (r=-0.192; P = 0.045), L34
(r=-0.194; P = 0.040), the femoral neck (r=-0.243; P = 0.009), the lower femoral neck (r=-0.230; P = 0.025), and Ward's triangle (r=-0.270; P = 0.006). The study results are shown in Tables 1 and 2 .
Discussion
Cardiovascular disease and osteoporosis are the main causes of morbidity and mortality among postmenopausal women (15, 18) . Aging is well-known to be associated with both osteoporosis and atherosclerosis (18, 20, 21) .
Although various methods have been developed to evaluate endothelial function, high-resolution B-mode ultrasonography is generally used. Arterial IMT is a sensitive marker for early atherosclerotic vascular wall changes, particularly in the main carotid arteries (4) .
Arterial stiffness, which has been determined to reflect the functional characteristics of the arteries, is another parameter used in estimating cardiovascular risk. Carotid IMT measurement using ultrasonography shows a good correlation with pathologic measurements, and this method can be repeated (4, 19) .
Increased carotid IMT is significantly related with known cardiovascular risk factors and may progress to a carotid plaque, which is a more severe atherosclerotic lesion (19, 22) . Human arteries are dynamic vessels that respond to different stimuli by re-modeling their own structure and size (22) .
Some studies have shown that although the relationship between BMD and vascular calcification disappears after age adjustments, in other studies it has been found to be independent of age (12, 23) .
In many studies, an independent relationship was found between the BMD, which represents the low BMD values in the cortical areas, and vascular calcification (14, 24) . However, the studies that primarily measure trabecular (spine) BMD are unsuccessful in demonstrating this relationship (13, 14, 23, 24) .
Previously, this situation was attributed to the methodological traps related to the measurement of BMD by dual X-ray absorptiometry (1) . In fact, dual X-ray absorptiometry measurements deviate due to the presence of calcified plaques in the neighboring vessels and to the osteophytes (24) .
By contrast, previous studies have shown a negative correlation between A negative correlation was reported between PWV and bone mineral density (BMD) (17) .
Although it is not known whether a relationship exists between osteoporosis and the incidence of cardiovascular disease, an increased arterial stiffness is observed in postmenopausal women with osteoporosis (15, 18) .
The aim of the present study was to investigate the usefulness of the correlation between BMD and arterial stiffness measurements as a preclinical atherosclerosis criterion.
Materials and methods
A total of 113 female patients who had been clinically referred for BMD analysis were included in the study. The mean age of the participants was 57.8 years (range, 31.9-77.9 years). They underwent Doppler ultrasonography examinations using an SSA-660A ultrasound system (Xario, Toshiba Medical Systems Corporation, Tochigi, Japan) and a PLT-704AT Probe (Toshiba Medical Systems Corporation). The probe was placed 2 cm proximal to bifurcation of the right carotid artery and 2 cm distal to the separation of the deep branch of the right femoral artery, and evaluation of the arterial stiffness measurements was performed by a pre-defined method (19) .
All non-invasive measurements were made by the same investigator. IMTs and lumen diastolic (dD) and systolic (sD) diameters were measured at the common carotid and femoral artery.
The lumen cross-sectional area was calculated as πdD 2 /4 and the wall cross-sectional area as π(dD/2+IMT) 2 -π(dD/2) 2 . Cross-sectional compliance and distensibility of the common carotid artery were calculated from diameter changes during systole and from simultaneously measured pulse pressure (∆P) according to the following formula: Crosssectional compliance=π[(sD 2 -dD 2 )]/4∆P; cross-sectional distensibility=(sD 2 -dD 2 )/ (dD 2 .∆P). Diastolic wall stress was calculated as the mean arterial pressure multiplied by dD/2IMT. Whereas compliance provides information on elasticity of the artery as a hollow structure, incremental elastic modulus provides information on the properties of the wall material independently from arterial geometry. This variable was calculated as 3/(1+lumen cross-sectional area/wall cross-sectional area) divided by crosssectional distensibility. Repeatability lumbar BMD and IMT; however, the absence of such a correlation has been defined in patients. The distribution of atherosclerosis may differ greatly among vascular beds, and this may explain some findings that seemed contradictory in the literature (24) . In a study in which various possibilities were reviewed, inflammation was suggested to be one of the processes affecting bone loss (25) . Many inflammatory mediators in the circulation, which are known to be the markers of cardiovascular risk, initiate the atherogenesis in the arterial wall (1).
Many researchers have suggested a role for hyperlipidemia and lipid oxidation, and inflammation (25) . In vitro studies have shown that oxidized lipids stimulate osteoblastic differentiation of vascular cells but inhibit the similar differentiation of the bone cells (1) .
The other likely mechanism may be imitation of the chronic infection via oxidized lipid deposition in the tissue, thus initiating an immune response that supports the hardening of soft tissue, which keeps the infectious agents closed within the walls, and softening of the hard tissue by the release of a substrate for the growth of infectious agents (1) .
Although a number of explanations have been proposed, the underlying mechanism of the relationship between BMD and arterial stiffness has not yet been completely understood (18) . Epidemiological data have suggested that estrogen deficiency is a risk factor for both cardiovascular diseases and osteoporosis (1) .
Bone and arteries are the target tissues for estrogen. Estrogen receptors identified on the osteoblasts, osteoclasts, and vascular endothelial and smooth muscle cells support the idea that estrogen has a direct effect on vascular and bone cells (18) .
Hormone replacement therapy increases the BMD and decreases the carotid-femoral PWV in postmenopausal women (18, 26, 27) .
Other likely mechanisms can also explain the existing findings. Secondary hyperparathyroidism, which can be induced by vitamin D deficiency in the elderly, is associated with bone loss as well as deposition of calcium in soft tissues (18) .
The postmenopausal increase in plasma homocysteine is a cardiovascular risk factor, and osteoporosis is a common characteristic of the patients with homocystinuria. Moreover, impaired endothelial function, which is probably responsible for the increase in the serum angiotensin converting enzyme activity and the decrease in the serum concentrations of nitrite/nitrate, has been reported in the forearm resistant arteries in postmenopausal women (1, 18, 28) . These factors may play an important role in the pathogenesis of both osteoporosis and arterial stiffness (18) . Unfortunately, no information could be obtained from the participants of the present study.
The differences in the methods used for the measurement of AD are responsible for the different, sometimes contradictory, relationship between vascular risk factors or vascular outcomes and AD (3) .
An important finding of the present study was the absence of a significant relationship between carotid artery IMT and any of the BMDs, contrary to the study that reported a significant relationship with the BMD of the trochanter, the femoral neck, Ward's triangle, and total femur (1) .
Unlike the study reporting just the opposite of our results, our study showed a significant relationship between femoral IMT and BMD, as was previously reported (1, 14, 15) . The relationship with only lumbar BMD was particularly significant.
Similar to the previous studies, we recommend that bone status should be evaluated in patients with vascular disease to assess the required preventive and therapeutic interventions (1) .
Some potential limitations exist in the present cross-sectional study. First, the cases have been selected among patients referred for BMD measurement, instead of a large population. This selection bias may explain the high prevalence of osteoporosis among the participants. Additionally, arterial stiffness might have resulted from another condition, for example a non-atherosclerotic arteriopathy. Furthermore, adiposity or body fat distribution has not been evaluated.
Osteoporotic postmenopausal women show increased arterial stiffness, indicating that they are likely to have a high risk for cardiovascular disease. AD can reliably be measured by ultrasonography. However, even a small variance in these measurements may lead to an important deviation in AD measurements.
Although the present study has demonstrated a relationship between BMD and AD, studies with a large series, comparing the age, ethnicity, body mass index, and biochemical values of the individuals, are still needed, and our results should be evaluated in this respect. The results of our study showed that the incidence of vascular stiffness appears high in postmenopausal women with decreased BMD. The diagnosis and treatment of atherosclerosis in the preclinical period will decrease the risk of cerebrovascular and cardiac diseases.
